The aim of this review is to provide a brief description of the current situation of the embryo industry in Brazil, in the context of the national and international livestock production scenario. Total number of embryos produced (375,894) declined in 2015 in comparison with the previous years. B. taurus dairy breeds and crossbreds accounted for 51.8% of the total embryo production. Moreover, the percentage of frozen-tawed embryos transferred reached 22.8% in 2015, the highest value in a decade. A greater proportion of embryos were produced in vitro, both in dairy (97.2%) and beef (90.2%) breeds. The use of embryo technologies in Brazil has remarkably increased 726.5% in the past 20 years, but still represents only 0.33% of the number of cows and heifers at reproductive age. Nonetheless, embryo transfer (ET) accounted for an estimated 19.7% of all purebred calves born and registered by the Brazilian Zebu Cattle Breeders Association in the period 2005-2015, highlighting the importance of ET for animal breeding and genetic improvement of the herd. In the world´s context, Brazil is the largest producer of bovine in vitro produced (IVP) embryos, but is ranked only 11th based on an index of intensity of use of embryo technologies, below Canada, USA and various European countries. This scenario demonstrates a potential for further increases in embryo production in Brazil, mainly associated with the expected adoption of new technologies by a large proportion of dairy and beef farms; the use of embryo technologies for large scale production of crossbreds; and to eventual increases in the international embryo import/export activity.
Introduction
The Brazilian embryo industry underwent remarkable changes in the past 15 years, most of them associated to the adoption of in vitro technologies. In cattle, there was a >5-fold increase in embryo production, and in vitro fertilization/culture has almost fully replaced superovulation (MOET) as the technique of choice for embryo production. Development of IVP in Brazil was addressed in previous studies (Viana et al., 2010 (Viana et al., , 2012 Sartori et al., 2016) , with a main focus on the technical aspects of the technology. The use of embryo transfer, however, affects overall cattle production both by increasing genetic progress of animal breeding programs and by providing new alternative methods to produce crossbred animals.
Nevertheless, changes in dairy and beef production systems, induced by the pressure to increase productivity, reduce costs, or improve animal welfare will probably drive further demands for the development of embryo technologies. Thus, to understand the past contribution and the prospective expectations of Brazilian embryo industry, records and numbers must be analyzed in a context. In this study we present a brief description of the current situation of embryo production in Brazil, as well as some proposed indexes to characterize activities related to embryo technologies in the national and international scenario.
A summary of changes in the Brazilian embryo industry during the past decade
Data of Brazilian embryo production in 2015, discriminated by genetic group (Bos taurus and Bos indicus), industry (dairy and beef) and technology used (in vivo derived -IVD or in vitro produced -IVP) is shown in Table 1 . A decline in the number of embryos produced was observed relative to the previous year (375,894 in 2015 vs. 391,805 in 2014; -4.1%) , similar to what has been observed since 2013, which was probably related to the Brazilian economic recession during this period. This retraction in the activity of the embryo industry ceased the trend of growth in Brazilian numbers observed during the last decade, determined mainly by a significant increase in the use of in vitro embryo production (IVEP) in dairy breeds (Fig. 1) .
The increase in dairy IVEP was primarily supported by the commercial availability of sex-sorted semen (Pontes et al., 2010) and caused important changes in the features of the Brazilian embryo market. The most significant one was a shift towards the use of B. taurus breeds for IVEP (Fig. 2) . In 2005, zebu beef breeds (mostly Nelore) accounted for 93.8% of all embryos produced, whereas dairy B. taurus breeds and crossbreds became the most important market for the embryo industry in 2015, corresponding to 51.8% of the total number of embryos. The majority of embryos are still transferred fresh, but the percentage of frozenthawed embryos has grown in the past few years, reaching 22.8% in 2015, the highest in a decade, likely due to improvements in cryopreservation strategies, such as direct transfer (Sartori et al., 2016 
The relevance of embryo technologies
The success of commercial IVEP initiated an exponential growth in Brazilian embryo production and, since 2010, the country reports >300,000 embryos per year. Despite the scarce number of studies evaluating the economical aspects of IVEP in Brazil, the number of embryos produced undoubtly illustrates the impact of the adoption of in vitro technologies for the embryo industry. Likewise, the growth of IVEP was associated with the parallel development of a chain of suppliers of veterinary services, hormones, media, disposables, equipments, recipients, among others.
Interestingly, if embryo production is analyzed in face of the Brazilian cattle herd size, an apparent paradox is evident. Table 2 shows the evolution of cattle population in the period 1995-2015 and the estimated relative use of artificial isemination (AI) and embryo transfer (ET). These projections demonstrate that the use of embryo technologies increased by a remarkable rate of 726.5% in the past 20 years; yet, these technologies still reach only 0.33% of the cows and heifers suitable for reproduction, a very low proportion even considering the low use of other reproductive technologies such as AI (13.3%). In dairy breeds, the increase in the use of ET was even greater (2,261.7%), but the relative use is also very limited (0.48%). Therefore, we pose a question: how relevant were embryo technologies for the Brazilian livestock production? 3 Proportion relative to the number of females at reproductive age. Estimated considering 1.8 straws per successful pregnancy. 4 Proportion relative to the number of females at reproductive age. Estimated considering 2.0 ET per successful pregnancy in a given recipient.
To address this question, it is important to depict the use of embryo technologies amongst different livestock sectors and production strata. Since the early 2000's, when commercial IVEP began its rise in Brazil, until very recently, most embryos were produced from zebu breeds. As a consequence, these breeds represent the most comprehensive database available. In Table 3 (Silva et al., 2016) , were generated by ET (IVP or IVD embryos).
In Table 3 we provide data to demonstrate that the use of ET was not uniform amongst zebu breeds. In absolute numbers, Nelore accounted for most embryos (76.8%) produced between 2005 and 2015. Nonetheless, the relative contribution of ET for Nelore calf production (17.8%) was lesser (although more stable) than for some other breeds. On average, ET was used more intensively in Brahman and Gir females (45.5 and 39.8%, respectively), but in both cases these numbers fluctuated, with peaks in 2006 for the former (78.0%) and 2009 for the latter (71.0%). In these particular two breeds, such oscillations were probably associated with the transitory use of ET to increase the number of animals rather than for genetic selection, due to the repressed demand for potential oocyte donors.
The Brazilian embryo industry in the world´s context
The remarkable increase in embryo production caused by the use of in vitro technologies also changed Brazil´s position in the world rank. In the late 1990´s, the Brazilian embryo industry was already very active and the country ranked among the TOP 5 in bovine embryo production (Thibier, 2000) . After the rise of commercial IVEP, the participation of Brazil in the world´s total numbers increased two-fold (from 14.3% in 1999 to 33.9% in 2012) and the country became the largest producer of bovine IVP embryos (Table 4) . Interestingly, in the early days of IVEP (up to 2005), the Brazilian embryo market diverged from the trends observed in other countries, particularly from those with relevant embryo production. Therefore, the commercial success of IVEP in Brazil seemed to be a result of particularities of the Brazilian internal market, such as the high economic values and a greater oocyte yield of zebu breeds. The recent trends in both Brazilian and international numbers, however, are changing this perception. The use of IVEP has increased consistently in the past 5 years in Europe and North America, considering either absolute numbers (+71.5 and +337.4%; Europe and North America, respectively) or the proportion of total embryo production (+41.3 and +214.5%; respectively), and may possibly replace MOET as the main source of embryos in a near future (Stroud, 2012; Perry, 2013 Perry, , 2014 Perry, , 2015 Perry, , 2016 .
Conversely, production of embryos from B. taurus and other dairy breeds is increasing in Brazil, as shown in Fig. 1 and 2 . Altogether, the general trend is that features of the embryo industry will become more similar worldwide, in spite of regional differences (Table 5 ). This will probably contribute to an increase in the demand for international trade of embryos and also stimulates a greater participation of large animal breeding companies in the embryo industry, as we currently see for cattle semen. The United States of America is currently the global leader in total embryo production (IVD plus IVP; Table 6 ) and may overtake Brazil´s leadership in the production of embryos in vitro, as this technology replaces MOET, i.e., without any further increase in total embryo production. Taking into account the ratio between embryo production and cattle population, the Netherlands is the country that most intensively uses embryo technologies, followed by Canada. According to this criteria, Brazil ranks only 11th. Nevertheless, considering that Brazil has the largest commercial cattle herd in the world, livestock production is of great importance for the country´s economy, and that there is an ongoing pressure to increase cattle productivity, we believe that there is room for a sustainable increase in embryo production in the near future, which may eventually change positions on this ranking. 
Conclusions

